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(S) Transducer for measuring downhole pressure. 

(57) A pressure transducer apparatus for lowering 
in a well borehole comprises (a) a sonde (10); 
(b) a pressure transducer (30) in a chamber (32) 
in the sonde (10) ; and (c) a fluid flow line (66, 
60, 62, 42) opening at one end into said cham- 
ber (32) and communicating at its other end 
with the pressure to be measured. The flow line 
can include a debris collecting chamber (62). 
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This invention relates to a pressure transducer 
apparatus for measuring downhole pressure. 

A formation tester is an oil well logging tool which 
is lowered on a cable into a well borehole to make hy- 
drostatic, as well as formation pressure measure- 
ments and obtain formation fluid samples. The tester 
normally includes a sonde and appropriate instru- 
mentation enclosed within the sonde. All of this 
equipment is lowered into a well borehole for making 
fluid pressure measurements at various depths in the 
well. Ordinarily, such measurements are made under 
a standing column of fluid in the well. The fluid is a 
mixture typically derived from drilling mud, and further 
including salt water and oil which might be produced 
from various formations into the well. Drilling mud it- 
self is water or oil which has been mixed with various 
weight materials, one example being barites. What- 
ever the source, the column of fluids standing in the 
well is ordinarily a dirty fluid. It is important to make 
accurate pressure measurements and to this end, the 
preferred form of device for such measurements is a 
quartz crystal pressure transducer. Quartz transduc- 
ers that measure pressure utilize a quartz wafer as 
the resonator in an oscillator circuit. Pressure exerted 
along the circumference of the resonator changes the 
resonant frequency of the circuit. The circuit including 
the quartz crystal operates at relatively low voltages. 
To this end, the crystal must be provided with care- 
fully constructed voltage contacts or terminals on it, 
and they are normally formed with gold leaf which is 
deposited on the crystal. Accordingly, the crystal it- 
self and the gold leaf clad to the surface of the crystal 
wafer, define a delicate instrument, and problems 
arise in using such an instrument in the dirty fluids in 
a well borehole. 

We have now devised a pressure transducer ap- 
paratus whereby these problems can be avoided. 

According to the present invention, there is pro- 
vided a pressure transducer apparatus for lowering in 
a well borehole, wherein the apparatus comprises: 

(a) a sonde; 

(b) a pressure transducer in a chamber in the 
sonde; and 

(c) a fluid flow line opening into said chamber at 
one end thereof and having a second end for ex- 
posure to a fluid at a pressure to be measured by 
the pressure transducer in said chamber. 

The invention also provides apparatus for use 
with a pressure transducer located in a chamber in a 
sonde wherein the pressure transducer forms meas- 
urements of ambient pressure, said apparatus com- 
prising an elongate flow path from said chamber to a 
sourc of fluid to be measured, and having an open 
end thereof, wherein said fluid flow path comprises a 
passage within the threads of first and second sonde 
structure components threaded together to define a 
helical flow path. 

The crystal is locat d in a cavity within the sonde 



and the cavity is preferably filled with an electrically 
non-conductive fluid. This fluid-filled cavity is prefer- 
ably connected to the flow line of the formation test 
tool through a "J" shaped buffer arrangement which 

5 provides the location (housing or container) for the in- 
terface between the fluid contained within the cavity 
and the well bore fluid flowing into the flow line of the 
formation tester. Ideally, the fluid contacting the crys- 
tal placed in the crystal chamber is non-conductive, 

10 and does not cause corrosion of the crystal, i.e., it is 
non-corrosive. 

The invention avoids the corrosion problems 
which can arise if well fluid contacts the crystal or the 
gold leaf clad terminals placed on the crystal. More- 

15 over, the present invention can include a special fea- 
ture which holds down on shock loading. For reasons 
which may arise in any formation testing operation, a 
pressure shock wave may travel in the fluid contained 
within the flow line. The shock wave travelling 

20 through the incompressible fluid in the flow line may 
damage the crystal. The present apparatus prefer- 
ably includes a long and circuitous flow path which is 
between the well fluid in the flow line and the crystal. 
This long and circuitous flow path dampens any 

25 shock waves. Moreover, the crystal is protected from 
exposure by this circuitous pathway, meaning expos- 
ure to the shock waves and also to the impinging 
trash and other materials which are laden in the fluids 
in the well borehole. 

30 The apparatus of the present invention is normal- 

ly relatively easy to assemble. It is preferably formed 
of threaded members, there being three members 
which are concentrically arranged. This defines a 
long helical flow path which has a purge valve inlet at 

35 one location and an open end at the other. Moreover, 
it is shaped in the form of a "J" flow path. Heavy par- 
ticulate trash and the like will settle at the bottom area 
of the "J" and not flow any further. 

The present invention provides protection 

40 against the intrusion of trash, corrosive fluids, elec- 
trically conductive fluids, and other things which 
might otherwise damage the expensive measuring 
device. 

In order that the invention may be more fully un- 
45 derstood, reference is made to the accompanying 
drawing in which the upper portion is a schematic 
vertical section of the top of a well down which is sus- 
pended a tool of the invention, and the lower portion 
of the drawing is a part section of the tool itself. 
so Referring to the drawing, numeral 10 identifies 

one embodiment of pressure logging tool of the inven- 
tion lowered in a well borehole. The well is either open 
holed or cased, and the well in this instance is iden- 
tified by the numeral 12. The well is filled partially or 
55 completely with well fluid 14. The logging tool is low- 
ered into the well on a logging cable 16 which extends 
from the top of the tool up to the surface and passes 
over a sheave 18. The logging cable is spooled on a 
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supply drum or reel 20. The drum or reel stores sev- 
eral thousand feet (1 foot = 0.30m) of cable, for in- 
stance, 25,000 feet (7620m) of cable to extend into 
the very deepest of wells. The cable includ s one or 
more conductors which carry output signals to the 5 
surface to a CPU 22. Data of interest are then sup- 
plied to a recorder 24. The recorder 24 is also provid- 
ed with another input which indicates depth in the 
well. To this end, an electrical or mechanical depth 
measuring system 26 connected with the sheave 18 10 
obtains data indicative of depth of the sonde 10 in the 
well borehole 12 so that such measurements as are 
provided by the instrumentation in the sonde can be 
correlated to depth in the well. 

The sonde 10 incorporates a structure which en- 15 
closes various types of equipment and electronic de- 
vices such as telemetry equipment. An important fea- 
ture however for the present apparatus is that portion 
of the sonde which includes the transducer. To this 
end, the numeral 30 identifies a quartz crystal trans- 20 
ducer which is received within a chamber 32 in the 
sonde. The chamber 32 is sufficiently large to receive 
a volume of isolation fluid as will be described. This 
fluid fills the chamber 32 and contacts the quartz 
crystal 30 on all exposed faces. The quartz crystal 30 25 
is ordinarily constructed with surface located termi- 
nals or metal clad layers typically formed of gold leaf. 
The terminals are quite thin. They are subject to de- 
struction by means of abrasion or corrosion. Corro- 
sion and abrasion will particularly occur when fluid 30 
from the well borehole contacts the crystal 30. The 
chamber 30 is connected to the exterior of the tool by 
means of a passage 34. The purge passage 34 pro- 
vides a flow path through a valve 36 which can be 
opened and closed, for instance, during charging of 35 
the apparatus. The valve 36 is normally opened dur- 
ing servicing of the pressure measuring tool 10 at the 
surface so that a specially selected fluid can be de- 
livered through the passage 34 and the valve 36 to 
fill the chamber 32. More fluid than this is pumped in; 40 
enough fluid is pumped in to fill all the passages as 
will be described below. The fluid is preferably a clean 
fluid which is known as DC 200 which is pumped to 
the passage or chamber 32 by a hand pump or the 
like. This fluid prevents corrosion. It is also non-con- 45 
ductive so that an electrical output can be provided. 
It also protects the gold foil cladding on the quartz 
crystal body 30. 

The chamber 32 is formed in a body 40 which 
makes up a portion of the sonde 1 0. This body is con- so 
structed of metal and is axialiy drilled from the lower 
nd as shown in the drawing. Th re is a hollow pas- 
sage 42 which is counter sunk into the structure of the 
sonde. This drilled passage provides an open pas- 
sage way. This passage is partially threaded on the 55 
interior with a set of threads at 44. The threads 44 are 
cut so that they will accept a threaded member 46. 
The member 46 is threaded along its full length so 



that it can thread into the passage 42 and move to a 
specified depth therein. It should not be over thread- 
ed, because it will otherwise enter the chamber 32 to 
crush the quartz crystal 30. 

The threaded plug 46 mates with the internal 
threads 44. However, the threads are not cut to a full 
gage so that there is a multiturn helical passage 
along the threaded plug 46. The operation of this pas- 
sage will be described in detail hereinafter. 

The lower portions of the sonde are further con- 
structed to define a surrounding skirt 48. The skirt 48 
is internally hollow to form the passage 42 just men- 
tioned. The external surface of it is formed into a 
thread 50. The thread is cut full gage. This thread en- 
gages a lower body 52. The body 52 has a transverse 
end member and an upstanding cylindrical skirt 54. 
The skirt 54 is cut with a thread at 56 but again, the 
thread 56 is not cut to a full depth or full gage. This 
makes a relatively shallow thread which mates or 
matches the threads at 50. This again defines a sec- 
ond helical passage along the threaded connection 
just mentioned. 

The lower body 52 is snugged up against the 
sonde body and is made fast against it by full thread- 
ed connection. A seal 58, such as an O-ring, provides 
a barrier between the sonde body 40 and the lower 
body 52. There is a surrounding shoulder at the top 
end of the cap which has been internally undercut to 
thereby define an internal manifold passage 60. This 
fully encircles the interior of the body 52. At the lower 
end of the skirt 54, there is a chamber 62 which is de- 
fined by the space between the body 52 and the 
structure thereabove. The chamber 62 is a trash re- 
ceiving chamber as will be described. There are two 
flow paths into the chamber 62. One is adjacent the 
threads 56, and the other is adjacent the threads 44. 
There is only one external flow opening into the cir- 
cuitous path ways just mentioned and that is by intro- 
ducing flow from the flow line 66 through the internal 
manifold passage 60 when the body 52 is fully thread- 
ed. 

Summarizing certain aspects of the foregoing, 
there is in fact a single flow path which is a "J" shaped 
flow path serving as a trash trap. The single flow path 
extends from the flow line 66 of the formation test tool 
to the quartz crystal 30. The single flow path begins 
with the flow line 66 and opens into the chamber 60. 
The next segment of the flow path is the spiral down- 
wardly through the threads at 56. This extends to the 
chamber 62. This chamber is located below the mani- 
fold passage 60. To the extent trash enters and gets 
into the helical thread d pathway, the trash will even- 
tually flow downwardly and collect in the chamber 62. 
The chamber 62 is periodically cleaned by removing 
the body 52 during tool service. The flow path ex- 
tends through the chamb r 62 and then travels up- 
wardly along the threads 44 to the larger chamber 32 
which is well abov the chamber 62. This defines a 
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"J" shaped flow path which has a low spot at the 
chamber 62 for collecting trash and debris. 

In operation, the device of the present disclosure 
is first charged at the surface by opening the valve 
36, connecting a flow line at the passage 34 and de- 
livering the fluid into the chamber 32 and completely 
filling the passages until fluid emerges through the 
flow line 66 downward in the main body of the forma- 
tion test tool 10. In other words, the entire internal 
passage way is fluid filled with the fluid which pro- 
vides isolation. 

There are several benefits from filling the pas- 
sages in this fashion with fluid which protects the 
quartz crystal 30. First of all, corrosion is reduced be- 
cause well fluid do not contact the quartz crystal. In 
addition to that, non-conductive fluid contacts the 
crystal, thereby excluding more conductive fluids 
such as salt water which are likely to be found in the 
well 12. In addition to that, the crystal is protected 
from shock waves which originate by rapid changes 
of pressure. Assume for purposes of description that 
a pressure shock wave is formed externally of the 
sonde. The shock wave is propagated along the cir- 
cuitous passages. This has a dampening effect. As- 
sume for purposes of description that particulate 
trash works its way into the passages. Since the fluid 
now and the associated trash carried by it must flow 
in the sequence of the passages as constructed, it 
nows toward the low region which is the chamber 62 
and is trapped. This reduces the tendency of the par- 
ticulate tiash to flow through all the passages and fi- 
nally come into contact with the quartz crystal 30. The 
chamber 62 is also effective as a fluid separator. As- 
suming the formation produces a mixture of oil and 
water, any water which works its way into the several 
passages will collect in the chamber 62. The oil will 
float on top of water, and being lighter, will be more 
than likely directed into the threaded area at 44 to 
move upwardly to the chamber 32. Fortunately, this 
type of well fluid intrusion is highly unlikely to contact 
the quartz crystal when protected by the assembly of 
this disclosure which particularly has a serpentine 
flow path tending to exclude trash and unwanted wa- 
ter. 

The present apparatus particularly is effective in 
resisting sharply defined shock wave fronts or ex- 
tremely sharp pressure changes. It also shows great 
advantage in that any fluid which enters the equip- 
ment must flow over an effectively long length to as- 
sure that the crystal 30 is operatively pressurized by 
the well fluid in the flow line of the sonde. 

Assembly of the present apparatus is believed to 
be straight forward. When out of the hole, assembly 
is carried out morely by threading the plug 46 into 
position to capture the quartz crystal 30 in the cham- 
ber. After that, the lower body is threaded to the illu- 
strated position. The system is checked to be sure 
that it is purged of compressible air, the system is 



then filled with the desired electrical insulating mate- 
rial having the preferred form of DC 200 brand of spe- 
cially designed lubricant and pressure fluid. 

Infield use, the serpentine passag shown in this 

5 disclosure is preferably purged after each use. Before 
the tool is place in the well, the valve 36 is closed to 
trap fluid in the chamber 32 and the passage ways 
leading to the chamber. After each run, the valve 36 
is momentarily opened and additional protective fluid 

w is pumped in through the valve 36. This continues as 
well nuid and other trash from the well are forced out 
through the flow line 66. This ensures that the crystal 
30 contacts only the desirable fluid, not well fluids. 
Nevertheless, pressure from the well fluid is coupled 

15 through the serpentine passage and acts against the 
crystal in the intended fashion. Protection in the use 
of the quartz crystal is assured by this approach. 



20 



Claims 



1 . A pressure transducer apparatus for lowering in a 
well borehole, wherein the apparatus comprises: 

(a) a sonde (10); 

25 (b) a pressure transducer (30) in a chamber 

(32) in the sonde (10); and 
(c) a fluid flow line (66, 60, 62, 42) opening 
into said chamber (32) at one end thereof and 
having a second end for exposure to a fluid at 

30 a pressure to be measured by the pressure 

transducer in said chamber. 

2. Apparatus according to claim 1 , wherein said fluid 
flow line has a variation in elevation therealong 

35 when said sonde (10) is in a well borehole, and 

wherein the fluid flow line has a trap (62) for trash 
entering said fluid flow line. 

3. Apparatus according to claim 2, wherein the trap 
40 (62) is an enlarged area in said fluid flow line. 

4. Apparatus according to claim 2 or 3, wherein the 
trap (62) is lower than the chamber (32) and is 
lower t ha n t he second end of said flu id flow to ad- 

45 mit fluid at a pressure to be measured. 

5. Apparatus according to claim 4, wherein said trap 
(62) is a chamber having a flow line segment 
opening thereinto and a segment therefrom and 

50 both of said segments open into the top portions 

of said chamber. 

6. Apparatus for use with a pressure transducer (30) 
located in a chamber (32) in a sonde (10) wherein 

55 the pressure transducer forms measurements of 

ambient pressure, said apparatus comprising an 
elongate flow path (66, 60, 62, 42) from said 
chamber (32) to a source of fluid to be measured, 
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and having an open end thereof, wherein said flu- 
id flow path comprises a passage (42) within the 
threads (44) of first (46) and second (48) sonde 
structure components threaded together to de- 
fine a helical flow path. 5 

7. Apparatus according to claim 6 wherein said hel- 
ical flow path (42) extends along the length of a 
threaded connection of two components (46, 48) 

of said sonde. 10 

8. Apparatus according to claim 6, wherein said hel- 
ical flow path comprises first (42) and second hel- 
ical flow path segments serially connected. 

15 

9. Apparatus according to claim 8 wherein said first 
(42) and second segments serially connect at a 
trash capturing chamber means (62). 

10. Apparatus according to claim 9 wherein said first 20 
and second segments are defined on threaded 
assembly of sonde components (46, 48). 
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